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©  Triazole  antifungal  agents. 
  A  fungicidal  agent  of  the  formula:- 

or  a  pharmaceutically  or  agriculturally  acceptable  salt  there- 
of,  wherein  R  is  a  phenyl  group  optionally  substituted  by  1  to 
3  substituents  each  independently  selected  from  F,  Cl.  Br,  I, 
CF3,  C1-C4  alkyl  and  C1-C4  alkoxy,  or  R  is  a  5-chloropyrid-2-yl 
group; 

and  R1  is 

where  n  is  0,  1,  2  or  3  and  R2  is  H  or  C1-C4  alkyl. 



This  i n v e n t i o n   r e l a t e s   to  novel  t r i a z o l e   d e r i v a t i v e s   which  

have  a n t i f u n g a l   a c t i v i t y   and  are  u se fu l   in  the  t r ea tmen t   of  f u n g a l  

i n f e c t i o n s   in  an imals ,   i n c l u d i n g   humans,  and  as  a g r i c u l t u r a l  

f u n g i c i d e s .  

According  to  the  i n v e n t i o n ,   there   are  provided  compounds  o f  

the  f o r m u l a : -  

where  R  is  a  phenyl  group  o p t i o n a l l y   s u b s t i t u t e d   by  1  to  3 

s u b s t i t u e n t s   each  i n d e p e n d e n t l y   s e l e c t e d   from  F,  Cl,  Br,  I ,  

t r i f l u o r o m e t h y l ,   C1-C4  a lky l   and  C1-C4  alkoxy,   or  R  is  a  

5 - c h l o r o p y r i d - 2 - y l   g roup ;  

where  n  is  0,  1,  2  or  3  and R2  i s  H  o r  C 1 - C 4   a l k y l ;  

and  t h e i r   p h a r m a c e u t i c a l l y   and  a g r i c u l t u r a l l y   a c c e p t a b l e   s a l t s .  

The  i n v e n t i o n   also  p rovides   a  p h a r m a c e u t i c a l   c o m p o s i t i o n  

compr is ing   a  compound  of  the  formula  (I)  or  a  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s a l t   t h e r e o f ,   t o g e t h e r   with  a  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   d i l u e n t   or  c a r r i e r .  



The  i nven t ion   f u r t h e r   p rov ides   a  compound  of  the  formula  ( I )  

o r  a   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   t h e r e o f ,  f o r   use  i n  

medic ine ,   in  p a r t i c u l a r   for  t r e a t i n g   a  fungal   i n f e c t i o n   in  an  

animal,   inc lud ing   a  human  b e i n g .  

Tho  inven t ion   f u r t h e r   i nc ludes   a  f u n g i c i d a l   compos i t ion   f o r  

a g r i c u l t u r a l   use,  compris ing   a  compound  of  the  formula  ( I ) ,   or  an  

a g r i c u l t u r a l l y   a c c e p t a b l e   s a l t   t h e r e o f ,   t o g e t h e r   with  an 

a g r i c u l t u r a l l y   a c c e p t a b l e   d i l u e n t   or  c a r r i e r .  

It  also  p rovides   a  method  of  t r e a t i n g   an  an imal ,   i n c l u d i n g   a 

human  being,  having  a  fungal   i n f e c t i o n ,   which  c o m p r i s e s  

a d m i n i s t e r i n g   to  said  animal  an  e f f e c t i v e   amount  of  a  compound  o f  

the  formula  (I)  or  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   t h e r e o f .  

The  i nven t ion   a lso  i nc ludes   a  method  of  t r e a t i n g   a  seed  o r  

p lan t   having  a  fungal   i n f e c t i o n ,   which  comprises   c o n t a c t i n g   s a i d  

seed  or  plant   or  the  locus  t h e r e o f ,   with  an  a n t i f u n g a l l y   e f f e c t i v e  

amount  of  a  compound  of  the  formula  (I)  or  a g r i c u l t u r a l l y  

accep t ab l e   s a l t   t h e r e o f .  

When  R  is  said  o p t i o n a l l y   s u b s t i t u t e d   phenyl  group,  i t   i s  

p r e f e r a b l y   phenyl  s u b s t i t u t e d   by  1  to  3  s u b s t i t u e n t s ,   more 

p r e f e r a b l y   1  or  2  s u b s t i t u e n t s ,   each  i n d e p e n d e n t l y   s e l e c t e d   f rom 

F,  Cl,  Br,  I  and  CF3.  In  p a r t i c u l a r   in  th i s   a s p e c t ,   R  i s  

4 - f l u o r o p h e n y l ,   4 - c h l o r o p h e n y l ,   4 - t r i f l u o r o m e t h y l p h e n y l ,  

2 - f l u o r o p h e n y l ,   2 , 4 - d i c h l o r o p h e n y l ,   2 , 4 - d i f l u o r o p h e n y l ,   2 - f l u o r o -  

4 - c h l o r o p h e n y l ,   2 , 5 - d i f l u o r o p h e n y l ,   2 , 4 , 6 - t r i f l u o r o p h e n y l   o r  

4 - b r o m e - 2 , 5 - d i f l u o r o p h e n y l .  



R  is  most  p r e f e r a b l y   2 , 4 - d i f l u o r o p h e n y l ,   2 , 4 - d i c h l o r o p h e n y l ,  

4 - c h l o r o p h e n y l   or  4 - f l u o r o p h e n y l . .  

"n"  is  p r e f e r a b l y   1  or  2.  R2  is  p r e f e r a b l y   H,  CH3 or  

C2H5. 

In  the  p r e f e r r e d   i n d i v i d u a l   compound,  R  is  2 , 4 - d i f l u o r o p h e n y l  

and  R1 is   -C(OH)(CH3)C2F5. 

The  h y d r o x y - k e t o n e s   of  the  formula  (I)  can  be  prepared   by  t h e  

fo l lowing   gene ra l   r o u t e : -  

where  R and  n  are  as  def ined  for  formula  (I)  and  Q  is  a  l e a v i n g  

group,  p r e f e r a b l y   C1-C4  a l k o x y .  

The  anion  CF3(CF2)n@  is  p r e f e r a b l y   supp l i ed   by  using  t h e  

Grignard  reagent   CF3(CF2)n MgI  or  CF3(CF2)n MgBr,  t y p i c a l l y   as  a 

mixture   t he reo f   p r e p a r a b l e   from  CF3(CF2)n  I  and  methylmagnesium 



bromide.  Thus  in  a  t y p i c a l   r e a c t i o n ,   the  iod ide   CF3(CF2)nI  I  i n   a  

s u i t a b l e   s o l v e n t ,   e .g .   dry  e t h e r ,   is  r eac ted   with  me thy lmagnes ium 

bromide  a t ,   say,  -65  to  -70°C.  After   s t i r r i n g   at  th i s   t e m p e r a t u r e  

for  about ½  hour,  the  compound  (II)  in  e .g.   dry  e the r   is  s l o w l y  

added,  keeping  the  t e m p e r a t u r e   at  -65°C  or  below.  Af te r   s t i r r i n g  

at  th is   t empera tu re   for  about  1  hour,  the  mix tu re   is  allowed  t o  

slowly  warm  to  about  -25°C.  Aqueous  ammonium  c h l o r i d e   s o l u t i o n   i s  

then  added,  and  the  s e p a r a t e d   e ther   layer   is  washed  with  w a t e r .  

The  aqueous  l ayer   is  e x t r a c t e d   with  e the r .   The  combined  e t h e r e a l  

e x t r a c t s   are  then  d r i ed   (MgSO4),  evapora ted ,   and  the  r e s idue   i s  

chromatographed  on  s i l i c a   in  conven t iona l   manner  to  give  the  t i t l e  

compound. 

The  s t a r t i n g   m a t e r i a l s   of  the  formula  ( I I )   can  be  p r e p a r e d  

c o n v e n t i o n a l l y ,   e . g . : -  

It  is  most  p r e f e r r e d   to  use  the  ethyl   e s t e r .  



The  d i o l s   of  the  formula  (I)  in  which  R  is  H  can  be  p r e p a r e d  

by  the  r e d u c t i o n   of  the  ketones  of  the  formula  (IA)  in  a 

c o n v e n t i o n a l   manner.  It   is  p r e f e r r e d   to  use  sodium  borohydr ide   a s  

the  r educ ing   a g e n t .  

The  d i o l s   of  the  formula  (I)  in  which  R2  is  C1-C4  a lky l   can 

be  p r epa red   by  the  r e a c t i o n   of  the  ke tones   (IA)  with  a  reagent   o f  

the  formula  ( C 1 - C 4  a l k y l ) . X   where  X  is  MgBr,  MgI  or  Li  in  a 

c o n v e n t i o n a l   manner .  

The  compounds  of  the  i n v e n t i o n   con t a in   e i t h e r   one  or  two 

o p t i c a l   c e n t r e s .   In  compounds  which  con t a in   one  o p t i c a l   c e n t r e  

the  i n v e n t i o n   i nc ludes   both  r e so lved   and  u n r e s o l v e d   forms.  I n  

compounds  which  con ta in   two  o p t i c a l   c e n t r e s   the  i n v e n t i o n   i n c l u d e s  

both  r e s o l v e d   and  u n r e s o l v e d   forms  of  each  d i a s t e r e o m e r .  

P h a r m a c e u t i c a l l y   a c c e p t a b l e   acid  a d d i t i o n   s a l t s   of  t h e  

compounds  of  the  formula  (I)  are  those  formed  from  s t rong  a c i d s  

which  form  n o n - t o x i c   acid  a d d i t i o n   s a l t s ,   such  as  h y d r o c h l o r i c ,  

hydrobromic ,   s u l p h u r i c ,   oxa l ic   and  m e t h a n e s u l p h o n i c   a c i d s .  

The  s a l t s   may  be  ob ta ined   by  c o n v e n t i o n a l   p r o c e d u r e s ,   e.g.  by 

mixing  s o l u t i o n s   c o n t a i n i n g   equimolar   amounts  of  the  f ree   base  and 

des i r ed   ac id ,   and  the  r e q u i r e d   s a l t   is  c o l l e c t e d   by  f i l t r a t i o n ,   i f  

i n s o l u b l e ,   or  by  e v a p o r a t i o n   of  the  s o l v e n t .  

Also  inc luded   are  the  a l k a l i   metal  s a l t s ,   p r e p a r a b l e  

c o n v e n t i o n a l l y .  

The  compounds  of  the  formula  (I)  and  t h e i r   p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s a l t s   are  a n t i f u n g a l   agents ,   u s e f u l   in  combating  f u n g a l  

i n f e c t i o n s   in  an imals ,   i n c l u d i n g   humans.  For  example  they  a r e  

usefu l   in  t r e a t i n g   t o p i c a l   fungal   i n f e c t i o n s   in  man  caused  by ,  

among  o ther   o rganisms,   spec ies   of  Candida,  T r i c h o p h y t o n ,  



Microsporum  or  Epidermophyton,   or  in  mucosal  i n f e c t i o n s   caused  by 

Candida  a l b i c a n s   (e .g .   thrush  and  v a g i n a l   c a n d i d i a s i s ) .   They  can  

also  be  used  in  the  t r ea tment   of  sys temic   fungal   i n f e c t i o n s   c a u s e d  

by,  for  example,   Candida  a l b i c a n s ,   Cryp tococcus   n e o f o r m a n s ,  

A s p e r g i l l u s   f u m i g a t u s ,   C o c c i d i o i d e s ,   P a r a c o c c i d i o i d e s ,   H i s t o p l a s m a  

or  B l a s t o m y c e s .  

The  in  v i t r o   e v a l u a t i o n   of  the  a n t i f u n g a l   a c t i v i t y   of  t h e  

compounds  can  be  performed  by  d e t e r m i n i n g   the  minimum  i n h i b i t o r y  

c o n c e n t r a t i o n   ( m . i . c . )   which  is  the  c o n c e n t r a t i o n   of  the  t e s t  

compounds  in  a  s u i t a b l e   medium  at  which  growth  of  the  p a r t i c u l a r  

m i c r o - o r g a n i s m   f a i l s   to  occur.  In  p r a c t i c e ,   a  s e r i e s   of  a g a r  

p l a t e s ,   each  having  the  t e s t   compound  i n c o r p o r a t e d   at  a  p a r t i c u l a r  

c o n c e n t r a t i o n   is  i n o c u l a t e d   with  a  s t a n d a r d   c u l t u r e   of,  f o r  

example,  Candida  a l b i c a n s   and  each  p l a t e   is  then  i ncuba ted   for   48 

hours  at  37°C.  The  p l a t e s   are  then  examined  for  the  p re sence   o r  

absence  of  growth  of  the  fungus  and  the  a p p r o p r i a t e   m . i . c .   v a l u e  

is  noted.   Other  mic ro -o rgan i sms   used  in  such  t e s t s   can  i n c l u d e  

Cryptococcus   neoformans ,   A s p e r g i l l u s   f u m i g a t u s ,   T r i chophy ton   spp ;  

Microsporum  spp;  Epidermophyton  f loccosum,   C o c c i d i o i d e s   i m m i t i s  

and  T o r u l o p s i s   g l a b r a t a .  

The  in  vivo  e v a l u a t i o n   of  the  compounds  can  be  c a r r i e d   out  a t  

a  s e r i e s   of  dose  l eve l s   by  i n t r a p e r i t o n e a l   or  i n t r a v e n o u s  

i n j e c t i o n   or  by  ora l   a d m i n i s t r a t i o n ,   to  mice  which  are  i n o c u l a t e d  

with  a  s t r a i n   of  Candida  a l b i c a n s .   A c t i v i t y   is  based  on  t h e  

s u r v i v a l   of  a  t r e a t e d   group  of  mice  a f t e r   the  death  of  an 

u n t r e a t e d   group  of  mice  fo l lowing  48  hours  o b s e r v a t i o n .   The  dose  

leve l   at  which  the  compound  provides   50%  p r o t e c t i o n   a g a i n s t   t h e  

l e t h a l   e f f e c t   of  the  i n f e c t i o n   is  n o t e d .  



For  human  use,  the  a n t i f u n g a l   compounds  of  the  formula  ( I )  

can  be  a d m i n i s t e r e d   a lone ,   but  wi l l   g e n e r a l l y   be  a d m i n i s t e r e d   i n  

admixture   with  a  p h a r m a c e u t i c a l   c a r r i e r   s e l e c t e d   with  regard  t o  

the  in tended  route   of  a d m i n i s t r a t i o n   and  s t anda rd   p h a r m a c e u t i c a l  

p r a c t i c e .   For  example,  they  can  be  a d m i n i s t e r e d   o r a l l y   in  t h e  

form  of  t a b l e t s   c o n t a i n i n g   such  e x c i p i e n t s   as  s t a r c h   or  l a c t o s e ,  

or  in  capsules   or  ovules   e i t h e r   alone  or  in  admixture   w i t h  

e x c i p i e n t s ,   or  in  the  form  of  e l i x i r s   or  su spens ions   c o n t a i n i n g  

f l a v o u r i n g   or  c o l o u r i n g   a g e n t s .   They  can  be  i n j e c t e d  

p a r e n t e r a l l y ,   for  example,  i n t r a v e n o u s l y ,   i n t r a m u s c u l a r l y   o r  

s u b c u t a n e o u s l y .   For  p a r e n t e r a l   a d m i n i s t r a t i o n ,   they  are  best   u s e d  

in  the  form  of  a  s t e r i l e   aqueous  s o l u t i o n   which  may  con ta in   o t h e r  

s u b s t a n c e s ,   for  example,  enough  s a l t s   or  g lucose   to  make  t h e  

s o l u t i o n   i s o t o n i c   with  b l o o d .  

For  oral   and  p a r e n t e r a l   a d m i n i s t r a t i o n   to  human  p a t i e n t s ,   t h e  

da i ly   dosage  l eve l   of  the  a n t i f u n g a l   compounds  of  the  formula  ( I )  

wi l l   be  from  0.1  to  5   mg/kg  (in  divided  doses)  when  a d m i n i s t e r e d  

by  e i t h e r   the  oral   or  p a r e n t e r a l   rou te .   Thus  t a b l e t s   or  c a p s u l e s  

of  the  compounds  w i l l   c o n t a i n   from  5  mg  to  0.5  g  of  a c t i v e  

compound  for  a d m i n i s t r a t i o n   s ing ly   or  two  or  more  at  a  time  a s  

a p p r o p r i a t e .   The  p h y s i c i a n   in  any  event  wi l l   de te rmine   the  a c t u a l  

dosage  which  wi l l   be  most  s u i t a b l e   for  an  i n d i v i d u a l   p a t i e n t   and 

it   wi l l   vary  with  the  age,  weight  and  response  of  the  p a r t i c u l a r  

p a t i e n t .   The  above  dosages  are  exemplary  of  the  average  c a s e ;  

there  can,  of  course ,   be  i n d i v i d u a l   i n s t a n c e s   where  h igher   o r  

lower  dosage  ranges  are  me r i t ed ,   and  such  are  wi th in   the  scope  o f  

this   i n v e n t i o n .  



A l t e r n a t i v e l y ,   the  a n t i f u n g a l   compounds  of  formula  (I)  can  be 

a d m i n i s t e r e d   in  the  form  of  a  s u p p o s i t o r y   or  p e s s a r y ,   or  they  may 

be  app l i ed   t o p i c a l l y   in  the  form  of  a  l o t i o n ,   s o l u t i o n ,   c r e a m ,  

ointment  or  d u s t i n g   powder.  For  example,  they  can  be  i n c o r p o r a t e d  

into  a  cream  c o n s i s t i n g   of  an  aqueous  emulsion  of  p o l y e t h y l e n e  

g lycols   or  l i q u i d   p a r a f f i n ;   or  they  can  be  i n c o r p o r a t e d ,   at  a 

c o n c e n t r a t i o n   between  1  and  10%,  into  an  ointment  c o n s i s t i n g   of  a 

white  wax  or  white  sof t   p a r a f f i n   base  toge the r   with  s u c h  

s t a b i l i z e r s   and  p r e s e r v a t i v e s   as  may  be  r e q u i r e d .  

The  compounds  of  the  formula  (I)  and  t h e i r   s a l t s   a l so   have  

a c t i v i t y   a g a i n s t   a  v a r i e t y   of  p l an t   pa thogenic   fung i ,   i n c l u d i n g  

for  example  v a r i o u s   r u s t s ,   mildews  and  moulds,  and  the  compounds 

are  thus  u s e f u l   for  t r e a t i n g   p l a n t s   and  seeds  to  e r a d i c a t e   o r  

prevent   such  d i s e a s e s .  

The  in  v i t r o   e v a l u a t i o n   of  the  a c t i v i t y   of  the  compounds 

aga in s t   p l an t   fungi   can  be  de termined   by  measuring  t h e i r   minimum 

i n h i b i t o r y   c o n c e n t r a t i o n s   in  the  same  way  as  p r e v i o u s l y   d e s c r i b e d  

except  tha t   the  p l a t e s   are  i ncuba ted   at  30°C  for  48  hours  o r  

longer  before   being  examined  for  the  presence  or  absence  o f  

g rowth .  

Mic ro -o rgan i sms   used  in  such  t e s t s   include  C o c h l i o b o l u s  

carbonum,  P y r i c u l a r i a   o ryzae ,   Glomerel la   c i n g u l a t a ,   P e n i c i l l i u m  

d i g i t a t u m ,   B o t r y t i s   c i ne r ea   and  Rhizoc ton ia   s o l a n i .  



For  a g r i c u l t u r a l   and  h o r t i c u l t u r a l   purposes  the  compounds  and 

t h e i r   a g r i c u l t u r a l l y   a c c e p t a b l e   s a l t s   are  p r e f e r a b l y   used  in  t h e  

form  of  a  compos i t ion   fo rmula t ed   as  a p p r o p r i a t e   to  the  p a r t i c u l a r  

use  and  purpose  d e s i r e d .   Thus  the  compounds  may  be  app l i ed   in  t h e  

form  of  dus t i ng   powders,  or  g r a n u l e s ,   seed  d r e s s i n g s ,   a q u e o u s  

s o l u t i o n s ,   d i s p e r s i o n s   or  emuls ions ,   dips,   sprays ,   a e r o s o l s   o r  

smokes.  Composi t ions   may  also  be  suppl ied   in  the  form  o f  

d i s p e r s i b l e   powders,  g r anu le s   or  g r a i n s ,   or  c o n c e n t r a t e s   f o r  

d i l u t i o n   p r i o r   to  use.  Such  compos i t ions   may  con ta in   such  

c o n v e n t i o n a l   c a r r i e r s ,   d i l u e n t s   or  ad juvan t s   as  are  known  and 

a c c e p t a b l e   in  a g r i c u l t u r e   and  h o r t i c u l t u r e   and  they  a r e  

manufac tured   in  accordance   with  c o n v e n t i o n a l   p r o c e d u r e s .   The 

compos i t ions   may  also  i n c o r p o r a t e   other   a c t i ve   i n g r e d i e n t s ,   f o r  

example,  compounds  having  h e r b i c i d a l   or  i n s e c t i c i d a l   a c t i v i t y   or  a 

f u r t h e r   f u n g i c i d e .   The  compounds  and  compos i t ions   can  be  a p p l i e d  

in  a  number  of  ways,  for  example  they  can  be  appl ied   d i r e c t l y   t o  

the  p lan t   f o l i a g e ,   stems,  b ranches ,   seeds  or  roots   or  to  the  s o i l  

or  o ther   growing  medium,  and  they  may  be  used  not  only  t o  

e r a d i c a t e   d i s e a s e ,   but  also  p r o p h y l a c t i c a l l y   to  p r o t e c t   the  p l a n t s  

or  seeds  from  a t t a c k .  

The  fo l lowing   Examples  i l l u s t r a t e   the  i n v e n t i o n .   A l l  

t e m p e r a t u r e s   are  in  ° C : -  



EXAMPLE  1 

(A.)  P r e p a r a t i o n   of  1 - ( e t h o x y c a r b o n y l ) - 1 - ( 4 - f l u o r o p h e n y l ) - 2 - ( 1 H -  

1 , 2 , 4 - t r i a z o l - 1 - y l ) e t h a n o l  

p -F luo robromobenzene   (50  g. ,   0.29  M)  was  t r e a t e d   w i t h  

magnesium  t u r n i n g s   (10  g. ,   0.42  M)  in  dry  e the r   (200  ml)  to  form 

the  Gr ignard   d e r i v a t i v e .   The  r e s u l t i n g   s o l u t i o n   of  the  G r i g n a r d  

r eagen t   was  added  to  a  s o l u t i o n   of  e thy l   bromopyruvate   (46.4  g . ,  

0.24  M)  in  dry  e the r   (300  ml.)  and  the  s o l u t i o n   was  kept  a t  

between  -70°  and  -65°  for  about  2  hours .   The  mixture   was  t h e n  

s t i r r e d   at  -70°  for  ½  hour  and  was  then  al lowed  to  warm  to  - 30°  

over ½  hour.  Keeping  the  t e m p e r a t u r e   below  0°,  ammonium  c h l o r i d e  

(100  g.)  in  water   (300  ml.)  was  added  and  the  s o l u t i o n   was  t h e n  

allowed  to  warm  to  room  t e m p e r a t u r e   (20°).   The  e ther   layer   was 



s e p a r a t e d   and  the  aqueous  layer   was  e x t r a c t e d   with  e the r   (2  x  500 

m l . ) .   The  combined  e the r   f r a c t i o n s   were  dr ied  (MgSO4)  and 

e v a p o r a t e d .   The  r e s u l t i n g   crude  i n t e r m e d i a t e   (A)  was  r e ac t ed   w i t h  

1 , 2 , 4 - t r i a z o l e   (50  g. ,   0.72  M)  and  anhydrous  po t a s s ium  c a r b o n a t e  

(100  g. ,   0.72  M)  in  dry  d imethylformamide  (300  ml.)  at  50-60°  f o r  

about  4  hours .   The  mixture   was  then  allowed  to  cool  to  room 

t e m p e r a t u r e   (20°)  and  e ther   (500  ml.)  was  added.  The  e ther   l a y e r  

was  washed  with  water  (500  ml.)  and  the  aqueous  l aye r   was 

e x t r a c t e d   with  e ther   (2 x  500  ml . ) .   The  combined  e t h e r e a l  

f r a c t i o n s   were  washed  with  water  (3  x  200  ml . ) ,   d r i ed   (MgSO.)  and 

e v a p o r a t e d   to  give  the  crude  t i t l e   compound.  Chromatography  on 

s i l i c a   (230-400  mesh)  e l u t i n g   with  e thyl   a c e t a t e   fo l lowed   by 

t r i t u r a t i o n   with  p e t r o l   (60-80°)  gave  the  t i t l e   compound  (20  g . ,  

30%  y i e l d ) .   A  small  sample  was  c h a r a c t e r i s e d   as  t h e  

m e t h a n e s u l p h o n a t e   s a l t ,   m.p.  142-144°,   which  was  p r epa red   by 

r e a c t i o n   with  me thanesu lphon ic   acid  in  dry  e the r   fo l lowed   by 

r e c r y s t a l l i s a t i o n   from  e thyl   a c e t a t e .  

Ana lys i s   %:- 

Found:  C,45.1;   H,4 .9 ;   N , 1 1 . 1 ;  

C a l c u l a t e d   for  C13H14FN3O3.CH3SO3H:  C,44.8;   H,4 .8 ;   N , 1 1 . 2 .  



(B.)  P r e p a r a t i o n   of  2 - h y d r o x y - 2 - ( 4 - f l u o r o p h e n y l ) - 4 , 4 , 5 , 5 , 5 -  

p e n t a f l u o r o - 1 - ( 1 H - 1 , 2 , 4 - t r i a z o l - l - y l ) p e n t a n - 3 - o n e  

Gaseous  p e n t a f l u o r o e t h y l   iod ide   (5  g.,   0.02  M)  was  p a s s e d  

into  a  f l a sk   c o n t a i n i n g   dry  e t h e r   (40  ml.)  at  -70°  and  f i t t e d   w i t h  

a  d r y - i c e   condenser .   A  3  molar  s o l u t i o n   of  methy lmagnes ium 

bromide  (5.8  ml.,   0.017  M)  was  then  added  over  5  minutes  k e e p i n g  

the  t empera ture   between  -70  and  -65°.   The  mixture   was  t h e n  

s t i r r e d   at  -70°  for  ½  hour .   l - E t h o x y c a r b o n y l - l - ( 4 - f l u o r o p h e n y l ) -  

2 - ( l H - l , 2 , 4 - t r i a z o l - l - y l ) e t h a n o l   (1.3  g.,  0.0047  M)  in  dry  e t h e r  

(10  ml.)  was  then  added  over  10  minutes  keeping  the  t empera tu re   a t  

-65°  or  below.  The  mix tu re   was  then  s t i r r e d   at  -70°  for  1  h o u r  

and  was  then  allowed  to  warm  to  -25°  over  1½  hours .   A  s o l u t i o n   o f  

ammonium  ch lo r ide   (5  g.)  in  water   (30  ml.)  was  then  added.  The 

e the r   layer   was  s e p a r a t e d   and  the  aqueous  l ayer   was  e x t r a c t e d  

f u r t h e r   with  e ther   (2  x  40  m l . ) .   The  e ther   l aye r s   were  combined,  

dr ied   (MgSO4)  and  e v a p o r a t e d   to  give  the  crude  t i t l e   compound  as  

an  o i l .   The  oil   was  p u r i f i e d   by  chromatography  on  s i l i c a   (230-400 

mesh)  e l u t i n g   with  e thy l   a c e t a t e : 6 0 - 8 0 °   p e t r o l   (4:1,  by  volume)  t o  

give  the  t i t l e   compound,  1.2  g  (55%  y i e l d ) .   The  compound  was 

r e c r y s t a l l i s e d   from  c y c l o h e x a n e ,   m.p.  ( a f t e r   s a i d  

r e c r y s t a l l i s a t i o n )   1 2 8 - 1 3 2 ° .  



Analys i s   %:-  

Found:  C,44.3;   H,2.6;  N , 1 1 . 7 ;  

C a l c u l a t e d   for  C13H9F6N3O2:  C,44 .2 ;   H,2.6;  N , 1 1 . 9 .  

EXAMPLES  2  to  5 

The  f o l l owing   compounds  were  prepared  s i m i l a r l y   to  Example 

1  pa r t s   (A)  and  (B)  from  a p p r o p r i a t e   s t a r t i n g   m a t e r i a l s : -  



The  e s t e r   s t a r t i n g   m a t e r i a l s   p repa red   in  the  f i r s t   s t a g e  

(Part   A)  were  c h a r a c t e r i s e d   as  f o l l o w s : -  



EXAMPLE  6 

P r e p a r a t i o n   of  2 - ( 4 - f l u o r o p h e n y l ) - 4 , 4 , 5 , 5 , 5 - p e n t a f l u o r o - l - ( l H -  

1 , 2 , 4 - t r i a z o l - 1 - y l ) p e n t a n - 2 , 3 - d i o l  

2 - H y d r o x y - 2 - ( 4 - f l u o r o p h e n y l ) - 4 , 4 , 5 , 5 , 5 - p e n t a f l u o r o - 1 - ( 1 H -  

1 , 2 , 4 - t r i a z o l - 1 - y l ) p e n t a n - 3 - o n e   (0.2  g.,  0.00057  M)  was  d i s s o l v e d  

in  i s o p r o p y l   a l c o h o l   (10  ml.)  and  the  r e s u l t i n g   s o l u t i o n   was 

cooled  in  ice .   Sodium  borohydr ide   (0.2  g.,   0.005  M)  was  t h e n  

added,  and  the  mix ture   was  s t i r r e d   for  1  hour   w h i l s t   being  c o o l e d  

in  an  ice  bath .   Hydroch lo r i c   acid  (2  N,  10  ml.)  was  then  added .  

The  i s o p r o p y l   a l c o h o l   was  evapora ted ,   the  remain ing   s o l u t i o n   was 

t r e a t e d   with  d i l u t e   aqueous  sodium  b i c a r b o n a t e   s o l u t i o n   t o  

n e u t r a l i t y ,   and  the  mixture   was  e x t r a c t e d   with  methylene  c h l o r i d e  

(3  x  10  ml).  The  combined  methylene  c h l o r i d e   e x t r a c t s   were  d r i e d  

(MgS04)  and  e v a p o r a t e d .   Chromatography  of  the  r e s idue   on  s i l i c a  

(230-400  mesh)  using  e thyl   a ce t a t e   as  the  e luan t   gave  the  p u r e  

t i t l e   compound,  0.09  g.,  which  was  then  r e c r y s t a l l i s e d   from  e t h y l  

a c e t a t e / 6 0 - 8 0 °   p e t r o l ,   m.p.  ( a f t e r   said  r e c r y s t a l l i s a t i o n )  

165-168° .  



A n a l y s i s  % : -  

Found:  C,44 .2 ;   H,3 .1;   N , 1 1 . 9 ;  

C a l c u l a t e d   for  C13H11F6N3O2:  C,43 .95;   H,3 .1;   N , 1 1 . 8 .  

EXAMPLES  7  to  9 

The  fo l lowing   compounds  were  p repa red   s i m i l a r l y   to  Example  6 

by  the  sodium  borohydr ide   r e d u c t i o n   of  the  c o r r e s p o n d i n g   k e t o n e : -  



EXAMPLE  10 

P r e p a r a t i o n   of  2 - ( 2 , 4 - d i f l u o r o p h e n y l ) - 3 - m e t h y l - 4 , 4 , 5 , 5 , 5 -  

p e n t a f l u o r o - 1 - ( 1 H - 1 , 2 , 4 - t r i a z o l - 1 - y l ) p e n t a n e - 2 , 3 - d i o l  

2 - ( 2 , 4 - D i f l u o r o p h e n y l ) - 2 - h y d r o x y - 4 , 4 , 5 , 5 , 5 - p e n t a f l u o r o - l -  

( 1 H - 1 , 2 , 4 - t r i a z o l - 1 - y l ) p e n t a n - 3 - o n e   (0.5  g;  0.00135  moles)  was 

d i s s o l v e d   in  sod ium-dr i ed   d i e t h y l   e ther   (50  cm3)  and 

methylmagnesium  bromide  (1.35  cm3  of  a  3M  s o l u t i o n   in  e t h e r ;  

0.00405  moles)  was  added.  Dry  t e t r a h y d r o f u r a n   (15  cm )  was  t h e n  

added.  The  mixture   was  heated  at  r e f lux   for  2  hours ,   cooled  and 

5%  aqueous  ammonium  c h l o r i d e   (50  cm3)  was  added,  fo l lowed  by  e t h y l  

a c e t a t e   (100  cm3).  The  phases  were  s e p a r a t e d   and  the  o r g a n i c  

phase  was  dr ied   (MgSO4)  and  evapora ted .   The  r e s i d u e   was  p u r i f i e d  

by  f l a sh   column  chromatography  on  230-400  mesh  s i l i c a ,   e l u t i n g  

with  e thy l   a c e t a t e : d i e t h y l a m i n e   (95:5,  500  cm3).  Two 

d i a s t e r e o m e r s   were  recovered   by  c o l l e c t i o n   and  e v a p o r a t i o n   o f  

a p p r o p r i a t e   f r a c t i o n s .   The  f i r s t   d i a s t e r e o m e r   to  be  e lu t ed   was 

ca l l ed   d i a s t e r e o m e r   I .  



Dias t e reomer   I :  

Yie ld:   123  mg 

Mel t ing  Point :   1 4 8 ° - 1 5 0 ° .  

Ana lys i s   %:- 

Found:  C,43 .7 ;   H,3.15;  N , 1 0 . 7  

C a l c u l a t e d   for  C14H12F7N3O2:  C,43.4;   H,3.1;  N , 1 0 . 8 .  

D ia s t e r eomer   I I :  

Yie ld:   60  mg 

Mel t ing  Point :   1 2 7 ° - 1 2 9 ° .  

A n a l y s i s  % : -  

Found:  C,43.5;   H,3.1;  N , 1 0 . 8  

C a l c u l a t e d   for  C14H12F7N302:  C,43.4;   H,3.1;  N , 1 0 . 8 .  

The  t o t a l   y ie ld   was  183  mg  (35%). 

EXAMPLES  1 1  -  1 3  

The  fo l lowing  compounds  were  prepared  s i m i l a r l y   to  Example  10 

from  the  a p p r o p r i a t e   ke tone   and  e i t h e r   MeMgBr  or  EtMgBr: -  





Using  the  t e s t   method  d e s c r i b e d   in  the  t ex t ,   the  PD50  v a l u e s  

( p . o . ;   48  hours)  for  the  compounds  of  the  Examples  a g a i n s t   Cand ida  

a l b i c a n s   in  mice  are  as  f o l l o w s : -  



1.  A  compound  of  the  f o r m u l a : -  

or  a  p h a r m a c e u t i c a l l y   or  a g r i c u l t u r a l l y   a c c e p t a b l e   s a l t   t h e r e o f ,  

wherein   R  is  a  phenyl  group  o p t i o n a l l y   s u b s t i t u t e d   by  1  to  3 

s u b s t i t u e n t s   each  i n d e p e n d e n t l y   s e l e c t e d   from  F,  Cl,  Br,  I,  CF3, 

Cl-C4  a lky l   and  C1-C4  a lkoxy,   or  R  is  a  5 - c h l o r o p y r i d - 2 - y l   g roup ;  

where  n  i s  0 ,   1,  2  or  3  and R2  is  H  or  C1-C4  a l k y l .  

2.  A  compound  as  claimed  in  claim  1,  wherein   R  is  p h e n y l  

s u b s t i t u t e d   by  1  to  3  s u b s t i t u e n t s   each  i n d e p e n d e n t l y   s e l e c t e d  

from  F,  Cl,  Br,  I  and  CF3. 

3.  A  compound  as  claimed  in  claim  2,  wherein  R  i s  

4 - f l u o r o p h e n y l ,   4 - c h l o r o p h e n y l ,   4 - t r i f l u o r o m e t h y l p h e n y l ,  

2 - f l u o r o p h e n y l , 2 , 4 - d i c h l o r o p h e n y l ,   2 , 4 - d i f l u o r o p h e n y l ,  

2 - f l u o r o - 4 - c h l o r o p h e n y l ,   2 , 5 - d i f l u o r o p h e n y l ,   2 , 4 , 6 - t r i f l u o r o p h e n y l  

or  4 - b r o m o - 2 , 5 - d i f l u c r o p h e n y l .  



4.  A  compound  as  claimed  in  claim  3  wherein  R  i s  

4 - c h l o r o p h e n y l ,   4 - f l u o r o p h e n y l ,   2 , 4 - d i c h l o r o p h e n y l   o r  

2 , 4 - d i f l u o r o p h e n y l .  

5.  A  compound  as  claimed  in  any one  of  the  p r e c e d i n g  

c la ims,   wherein  n  is  1  or  2  and  R  is  H,  CH3  or  C2H5. 

6.  A  compound  as  claimed  in  claim  5  wherein  R  is  H  or  CH3. 

7.  A  compound  as  claimed  in  claim  1  wherein  R  i s  

4 - f l u o r o p h e n y l ,   4 - c h l o r o p h e n y l ,   2 , 4 - d i f l u o r o p h e n y l   o r  

2 , 4 - d i c h l o r o p h e n y l ,   n  is  1  or  2  and  R2  is  H,  CH3  or  C2H5. 

8.  A  compound  or  s a l t   t h e r e o f   as  claimed  in  claim  1  w h e r e i n  

R  is  2 , 4 - d i f l u o r o p h e n y l   and  R1  is  -C(OH)(CH3)C2F5. 

9.  A  compound  of  the  formula  (I)  as  claimed  in  any one  o f  

the  p reced ing   c la ims ,   or  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t  

t h e r e o f ,   for  use  in  medicine,   in  p a r t i c u l a r   for  use  in  t r e a t i n g  

fungal   i n f e c t i o n s   in  humans. 

10.  A  p h a r m a c e u t i c a l   or  a g r i c u l t u r a l   f u n g i c i d a l   c o m p o s i t i o n  

compr is ing   a  compound  of  the  formula  (I)  as  claimed  in  any one  o f  

claims  1  to  8,  or  a  p h a r m a c e u t i c a l l y   or  a g r i c u l t u r a l l y   a c c e p t a b l e  

s a l t   t h e r e o f ,   t o g e t h e r   with  a  p h a r m a c e u t i c a l l y   or  a g r i c u l t u r a l l y  

a c c e p t a b l e   d i l u e n t   or  c a r r i e r .  

11.  A  method  of  t r e a t i n g   a  p lan t   or  seed  having  a  f u n g a l  

i n f e c t i o n ,   which  comprises  c o n t a c t i n g   said  p lan t   or  seed  or  t h e  

locus  t he reo f   with  an  a n t i f u n g a l l y   e f f e c t i v e   amount  of  a  compound 

of  the  formula  (I)  as  claimed  in  any one  of  claims  1  to  8,  o r  

compos i t ion   as  claimed  in  claim  10.  



12.  A  process   for  p r e p a r i n g   a  compound  of  the  formula  (I)  a s  

defined  in  claim  1  or  a  p h a r m a c e u t i c a l l y   or  a g r i c u l t u r a l l y  

a c c e p t a b l e   s a l t   t h e r e o f ,  

c h a r a c t e r i s e d   by  r e a c t i n g   a  compound  of  the  f o r m u l a : -  

where  R  is  as  def ined   above  and  Q  is  a  l eav ing   g r o u p ,  

with  an  anion  of  the  formula  CF3(CF2)n@ where  n  is  as  d e f i n e d  

above,  thereby  forming  a  compound  of  the  formula  (I)  in  which  R1 

followed  by,  o p t i o n a l l y ,   c a r r y i n g   out  one  or  more  of  the  f o l l o w i n g  

s t e p s : -  

(a)  reducing  said  compound  of  the  formula  (I)  in  which  R1  i s  

so  as  to  produce  a  compound  of  the  formula  (I)  i n  

which  R1  is  -CH(OH)(CF2)nCF3, 

(b)  r e a c t i n g   said  compound  of  the  formula  (I)  in  which  R1  i s  

with  a  compound  of  the  formula  R2.X  where  R2 is  C1-C4 

alkyl   and  X  is  MgBr,  MgI  or  Li  so  as  to  produce  a  compound  of  t h e  

formula  (I)  in  which  R1  is  -C(OH)(R2)(CF2)nCF3;  and 



(c)  c o n v e r t i n g   a  compound  of  the  formula  (I)  into  a 

p h a r m a c e u t i c a l l y   or  a g r i c u l t u r a l l y   a c c e p t a b l e   s a l t .  

13.  A  p rocess   a c c o r d i n g   to  claim  12,  c h a r a c t e r i s e d   in  tha t   Q 

is  C1-C4 alkoxy  and  in  tha t   the  anion  is  supp l i ed   u s i n g  

CF3(CF2)nMgI,  CF3(CF2)nMgBr  or  a  mixture  t h e r e o f .  



1.  A  p rocess   for  p r epa r ing   a  compound  of  the  f o r m u l a  

or  a  p h a r m a c e u t i c a l l y   or  a g r i c u l t u r a l l y   a c c e p t a b l e   s a l t   t h e r e o f ,  

wherein  R  is  a  p h e n y l  g r o u p   o p t i o n a l l y   s u b s t i t u t e d   by  1  to  3 

s u b s t i t u e n t s   each  i n d e p e n d e n t l y   s e l e c t e d   from  F,  Cl,  Br,  I,  CF3, 

C1-C4  a lky l   and  C1-C4  a lkoxy,   or  R  is  a  5 - c h l o r o p y r i d - 2 - y l   g roup ;  

and o r  

where  n  is  0,  1,  2  or  3  and  R2  is  H  or  C1-C4  a l k y l ,  

c h a r a c t e r i s e d   by  r e a c t i n g   a  compound  of  the  f o r m u l a : -  

where  R  is  as  def ined  above  and  Q  is  a  l eav ing   g r o u p  w i t h   an  a n i o n  

of  the  formula  CF3(CF2)n@ 



where  n  is  as  de f ined   above,  thereby  forming  a  compound  of  t h e  

formula  (I)  in  which  R1  i s  

fo l lowed  by,  o p t i o n a l l y ,   c a r ry ing   out  one  or  more  of  the  f o l l o w i n g  

s t e p s : -  

(a)  r educ ing   said  compound  of  the  formula  (I)  in  which  R1  i s  

so  as  to  produce  a  compound  of  the  formula  (I)  i n  

which  R1  is  -CH(OH)(CF2)nCF3, 

(b)  r e a c t i n g   said  compound  of  the  formula  (I)  in  which  R1 

with  a  compound  of  the  formula  R2.X  where  R 2  i s  

C1-C4  a lky l   and  X  is  MgBr,  MgI  or  Li  so  as  to  produce  a  compound 

of  the  formula  (I)  in  which  R1  is  -C(OH)(R2)(CF2)nCF3,  and  

(c)  c o n v e r t i n g   a  compound  of  the  formula  (I)  in to   a  

p h a r m a c e u t i c a l l y   or  a g r i c u l t u r a l l y   a c c e p t a b l e   s a l t .  

2.  A  p rocess   accord ing   to  claim  1,  c h a r a c t e r i s e d   in  tha t   Q 

is  C1-C4  alkoxy  and  tha t   the  anion  is  supp l i ed   by  u s i n g  

CF3(CF2)nMgBr,  CF3(CF2)nMgI  or  a  mixture  t h e r e o f .  

3.  A  p rocess   accord ing   to  claim  2,  c h a r a c t e r i s e d   in  tha t   a 

compound  of  the  formula  (I)  in  which  R1  is  -CO(CF2)nCF3  i s  

p r e p a r e d ,   n  being  1  or  2 .  

4.  A  p rocess   accord ing   to  claim  2,  c h a r a c t e r i s e d   in  tha t   a 

compound  of  the  formula  (I)  in  which  R1  is  -CH(OH)(CF2)nCF3 i s  

p repared   using  step  (a) ,   n  being  1  or  2  and  the  reducing  a g e n t  

used  being  sodium  b o r o h y d r i d e .  



5.  A  process   a cco rd ing   to  claim  2,  c h a r a c t e r i s e d   in  that   a 

compound  of  the  formula  (I)  in  which  R1  is  -C(OH)(R2)(CF2)nCF3  i s  

p repared   using  step  (b),   R 2  being  CH3  or  C2H5,  X  being  MgBr  and  n 

being  1  or  2.  

6.  A  process   acco rd ing   to  any  one  of  the  p reced ing   c l a i m s ,  

c h a r a c t e r i s e d   in  that   R  is  phenyl  s u b s t i t u t e d   by  1  to  3 

s u b s t i t u e n t s   each  i n d e p e n d e n t l y   s e l e c t e d   from  F,  Cl,  Br,  I  and 

CF3. 

7.  A  process   acco rd ing   to  claim  6,  c h a r a c t e r i s e d   in  tha t   R 

is  4 - f l u o r o p h e n y l ,   4 - c h l o r o p h e n y l ,   4 - t r i f l u o r o m e t h y l p h e n y l ,  

2 - f l u o r o p h e n y l ,   2 , 4 - d i c h l o r o p h e n y l ,   2 , 4 - d i f l u o r o p h e n y l ,  

2 - f l u o r o - 4 - c h l o r o p h e n y l ,   2 , 5 - d i f l u o r o p h e n y l ,   2 , 4 , 6 - t r i f l u o r o p h e n y l  

or  4 - b r o m o - 2 , 5 - d i f l u o r o p h e n y l .  

8.  A  process   acco rd ing   to  claim  7,  c h a r a c t e r i s e d   in  that   R 

is  4 - c h l o r o p h e n y l ,   4 - f l u o r o p h e n y l ,   2 , 4 - d i c h l o r o p h e n y l   o r  

2 , 4 - d i f l u o r o p h e n y l .  

9.  A  process   acco rd ing   to  claim  1,  c h a r a c t e r i s e d   in  t h a t  

2 - ( 2 , 4 - d i f l u o r o p h e n y l ) - 3 - m e t h y l - 4 , 4 , 5 , 5 , 5 - p e n t a f l u o r o - 1 - ( 1 H - 1 , 2 , 4 -  

- t r i a z o l - 1 - y l ) p e n t a n e - 2 , 3 - d i o l   is  prepared  by  r e a c t i n g   a  m i x t u r e  

of  p e n t a f l u o r o e t h y l   iod ide   and  methylmagnesium  bromide  w i t h  

1 - e t h o x y c a r b o n y l - 1 - ( 2 , 4 - d i f l u o r o p h e n y l ) - 2 - ( 1 H - 1 , 2 , 4 - t r i a z o l - 1 - y l ) -  

e t h a n o l ,   followed  by  r e a c t i n g   the  product   of  th is   r e a c t i o n   w i t h  

methyl  magnesium  b r o m i d e .  
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